The rate of Helicobacter pylori infection is inversely related to socioeconomic status, and childhood is thought to be the major acquisition period. The authors investigated the importance of childhood environment in the acquisition of H. pylori infection. A cross-sectional study was conducted of monozygotic and dizygotic twins who were reared apart or reared together. Three hundred twins from a sub-registry of the Swedish Twin Registry were studied. H. pylori status was evaluated by using an enzyme-linked immunosorbent assay for anti-H. pylori immunoglobulin G. Socioeconomic status during childhood was assessed on the basis of the density of the living conditions and the economic situation of the family that reared the twins. Current socioeconomic status was estimated by using a scale that combined income and education. Dietary elements that were studied included fat and fiber intake and ascorbic acid consumption. The density of the childhood home was consistently found to be significantly associated with the acquisition of H. pylori infection (p = 0.04). Among monozygotic twins reared apart and discordant for H. pylori status, affected twins were raised in homes under poorer socioeconomic conditions than those of their unaffected co-twins (p = 0.02). Additionally, infected twins consumed more ascorbic acid than their unaffected co-twins (p = 0.04). The finding of an effect of socioeconomic status during childhood on the acquisition of H. pylori among monozygotic twins who were reared apart and had an identical genetic makeup but not a common environment confirms the hypothesis that childhood acquisition of H. pylori infection is linked to hygiene practices. Am J Epidemiol 1998; 148:793-7. child nutrition; environment; Helicobacter pylori; socioeconomic factors; twins Both genetic and environmental factors are known to be of importance in the acquisition of Helicobacter pylori infection (1). More is known about various environmental risk factors than about genetic risk, although to our knowledge no studies of environmental risk factors have controlled for genetic predisposition to the disease.
Both genetic and environmental factors are known to be of importance in the acquisition of Helicobacter pylori infection (1) . More is known about various environmental risk factors than about genetic risk, although to our knowledge no studies of environmental risk factors have controlled for genetic predisposition to the disease.
Socioeconomic status has been known to be related consistently to general health and specifically to H. pylori acquisition. The distribution of H. pylori infection varies between social groups. In terms of income, education, and social class, more-advantaged groups tend to have lower rates of H. pylori infection than groups with fewer advantages (2) (3) (4) . H. pylori seropositivity has been shown to reflect a childhood socioeconomic status that featured low household income, crowded living conditions, and a low level of parental education (5) (6) (7) (8) (9) .
It is recognized that gastric carcinoma is associated with H. pylori infection (10) (11) (12) (13) . Although the risk for gastric cancer and peptic ulcer in relation to dietary factors has received considerable attention, the role of food intake in relation to H. pylori-related ulcer disease remains unknown (14) (15) . The relation between dietary factors and the risk of acquiring H. pylori has also received scant attention (16) .
We explored the importance of environmental risk factors in the acquisition of H. pylori while we controlled for genetic susceptibility by selecting samples of monozygotic and dizygotic twins, reared apart or reared together, of varying socioeconomic status. Because identical twins have an identical genetic makeup, differences between pairs must reflect environmental effects. We also examined the association of some dietary elements with the acquisition of H. pylori. 794 Malaty et al.
MATERIALS AND METHODS

Sample
Twins from a subregistry of the Swedish Twin Registry were used as a sample for this investigation. The registry includes entries for about 25,000 twin pairs born in Sweden between 1886 and 1958. The subregistry consists of a number of twins who indicated that they had been separated before age 11 years and a sample of twins who were reared together. The distribution of age at separation was highly skewed. Of those twins who were reared apart, 52 percent were separated before age 1 year, 69 percent by age 2 years, 82 percent by age 5 years, and all by age 11 years. Reasons for separation varied; the majority were separated because one or both parents died or because of economic hardship, or both. All twins were participants in the Swedish Adoption/Twin Study of Aging (SATSA) (17) .
SATS A was initiated in 1984 with a mailed questionnaire. Two years later, a subset of twin pairs in which both members had responded to the first questionnaire were invited to participate in an examination that included a health evaluation and cognitive tests. Both members of 291 pairs aged 50 years or older and of 12 pairs aged 50 years or younger participated in this in-person testing phase. If one twin in a pair declined to participate in this phase, the co-twin was not invited to participate (resulting in a lower pairwise participation rate). A follow-up of twins who declined to participate indicated that cognitive decline and poor health were the major reasons for their unwillingness to participate. The average age at the time of testing was 65.6 years (standard deviation = 8.4). Zygosity diagnoses were first made on the basis of physical similarities and were confirmed on the basis of serologic assay. One pair was excluded from the analyses because adequate certainty of zygosity (>98 percent) could not be obtained. Further details of the procedures, sample, and design of SATSA are described by Pedersen et al. (18) . Our analyses included 270 twin pairs for whom serum samples to enable evaluation of H. pylori status were available for both members: 37 pairs of monozygotic twins reared apart, 64 pairs of monozygotic twins reared together, 88 pairs of dizygotic twins reared apart, and 81 pairs of dizygotic twins reared together.
Study variables
Two measures of socioeconomic status during childhood were evaluated (table 1). These scales were derived from a factor analysis of six items reflecting the situation in the home in which the twins were reared. Socioeconomic factors were standardized and summed to create two measures of socioeconomic status (SES). The first (SES1) combined measures of the highest educational and occupational level of the parent(s) as well as of other goods generally considered to represent a comfortable standard of living (e.g., owning a summer cottage or boat). The second measure (SES2) was comprised of items that reflected crowded living conditions in the home, the family's economic situation as compared with others', and how well or how poorly the family's monetary resources met their needs. Crowded living conditions during childhood, based on the number of persons per room, was also included independently as one of the study variables. Current socioeconomic status was assessed on the basis of a combined measure of educational and occupational levels. The items used to measure these levels were the same ones used to measure socioeconomic status during childhood, but they described the respondent's own education and principal occupation. For women only, current socioeconomic status was based on the spouse's occupation and education if his attainment was greater than hers.
Dietary elements, assessed from a food frequency interview, were also studied in relation to H. pylori infection. Fat intake was measured in grams per day; ascorbic acid (vitamin C) was measured in milligrams per day. The vegetable and fruit intake score was based on consumption of tomatoes, spinach, cabbage, cauliflower, green peppers, salad, beans and peas, carrots, bananas, lemons and oranges, and apples and pears.
Determination of H. pylori status
The presence of anti-//. pylori immunoglobulin G was assessed by using the commercially available HM-CAP H. pylori immunoassay (Enteric Products Inc., Westbury, New York). The test, which has a sensitivity of >98 percent and a specificity of >95 percent (19) , was scored positive when the optical density was >2.0. H. pylori infection is chronic and even lifelong, but the antibody titer becomes undetectable within a year of successful antimicrobial therapy. Thus, the presence of serum antibody is a reliable indication of H. pylori status.
Statistical analyses
The objective of the statistical analyses was to examine the contribution of childhood environment to the acquisition of H. pylori infection. Because our sample consisted of twins, the assumption of independence of the observations might not have been fulfilled. To remove dependencies in the data due to genetic relatedness, we divided the sample into two independent replicates-sample 1 and sample 2-by randomly assigning members of the twin pairs. The first sample (sample 1), consisting of 300 unrelated individuals, was obtained by considering twin A in the pair and twin B only if a value for H. pylori was missing for twin A. The second sample (sample 2), also consisting of 300 unrelated individuals, was obtained by considering twin B in the pair and twin A only if a value for H. pylori was missing for twin B. Thus, members of a pair were not included in the same subsample. In the second set of analyses, pairwise status was maintained, and intrapair comparisons were made.
Because the independent variables in this study were continuous measures, a classic t test was applied to each of the two independent samples of unrelated individuals (sample 1 and sample 2) to examine the effect of each variable on the presence of H. pylori. Seven independent variables were evaluated: crowded living conditions in the home in which the child was reared, SES1, SES2, current socioeconomic status, fat intake, vegetable and fruit intake, and ascorbic acid intake.
A paired comparison t test was then conducted on H. pylori discordant pairs to examine whether the affected member differed from the nonaffected member for each study measure. The co-twin analyses were performed on the two monozygotic groups (reared apart or reared together), and a significant difference in the affected versus the unaffected co-twins indicated that the environmental measure of interest was significantly associated with H. pylori status, even after controlling for a genetic propensity to infection.
RESULTS
The t test indicated that two of the seven independent variables differed significantly among H. pyloriaffected versus H. /ry/ori-nonaffected individuals (table 2). In sample 1, the childhood SES1 measure was marginally associated with H. pylori infection (p -0.08). In sample 2, the effect of crowded conditions was again noted, but with marginal significance (p = 0.06). In this sample, the childhood SES2 measure was significantly associated with H. pylori infection (p = 0.05). When the two samples were pooled, the results reached significance, indicating that the results were consistent. However, a lack of significance in the subsamples reflected reduced power.
When a paired comparison t test was applied to the H. pylori discordant pairs in the two monozygotic groups, the only significant associations with H. pylori prevalence were found among those twins who were reared apart. Among H. pylori-affected twins versus their nonaffected co-twins, childhood socioeconomic status based on crowded living conditions and family economic conditions (SES2) {p -0.02) was significantly lower, and consumption of ascorbic acid was significantly higher (p = 0.04) (table 3). No variables emerged as significant in the monozygotic group of twins who were reared together. 
DISCUSSION
Our previous study of Swedish twins (1) showed that genetic factors accounted for a substantial portion (57 percent) of the variation in the tendency to acquire H. pylori infection and that shared factors in the childhood home environment were also important. While sharing the same home environment contributes to familial similarity for the acquisition of H. pylori infection, it is feasible that environmental risk factors could play a role in the immune response for acquiring H. pylori infection and developing peptic ulcer disease. Establishing which genetic and which environmental factors are involved in the acquisition of H. pylori would enable further understanding of which factors may account for the relation between H. pylori and peptic ulcer, chronic gastritis, and gastric cancer.
H. pylori is thought to be acquired primarily during childhood (5) (6) (7) (8) (9) 20) , with infection clustering in families (21) (22) . It has been established that once H. pylori is acquired, it persists throughout life unless the infection is treated with anti-/7. pylori therapy (23) . Thus, the factors associated with H. pylori infection in adults could reflect conditions during their childhood.
In this study, we first confirmed that aspects of socioeconomic status during childhood are important in acquiring H. pylori by using replicate samples of unrelated individuals. The importance of crowded living conditions and poor economic resources was further established by findings of significant differences in pairs of monozygotic twins who were reared apart and were discordant for H. pylori status. Monozygotic twins who were reared apart have an identical genetic makeup but did not share a common familial environment while growing up, whereas monozygotic twins who were reared together, by definition, did share the same childhood circumstances. Thus, if childhood environments are of importance, one would expect no differences in twin pairs who were reared together but significant differences in pairs who were reared apart. The finding of a strong effect of childhood socioeconomic status on the acquisition of H. pylori among the group of monozygotic twins who were reared apart and, at the same time, a complete lack of effect of adult socioeconomic status highlights the importance of childhood as the time during which H. pylori infection is acquired. The significant finding of crowded living conditions emphasizes the potential role of a person-to-person transmission pathway.
Although the literature on H. pylori and dietary factors is very limited, a recent study from New Orleans reported that an adequate intake of vitamin C is negatively associated with the prevalence of H. pylori, and the authors hypothesized that consumption of high levels of vitamin C may play a role in the acquisition of H. pylori infection (16) . The mechanism by which vitamin C might reduce H. pylori infection is not clear. It was reported that ascorbic acid may limit the colonization of H. pylori in the stomach area by inhibiting the urease activity of H. pylori (24) . However, this mechanism was reported only in vitro. The results of our study provide contrasting evidence concerning the association of ascorbic acid with H. pylori infection. Among the discordant pairs of monozygotic twins who were reared apart, consumption of high levels of ascorbic acid was found to be associated with H. pylori infection. Thus, we were not able to confirm the hypothesis from the New Orleans study. These contrasting results emphasize that associations between dietary intake and H. pylori acquisition are difficult to interpret. Dietary intake is influenced by confounding factors such as socioeconomic status. Therefore, caution is needed before conclusions are drawn regarding the role of a particular dietary component.
